SUMMARY Fluorophotometry was carried out in nine cases of unilateral non-traumatic rhegmatogenous retinal detachment successfully treated by a combination of local buckling and an encircling procedure with a silicone band. After topical instillation of fluorescein the change in its concentration in the anterior chamber was followed, from which the loss rate of the dye from the anterior chamber (ko) and the cornea-aqueous transfer coefficient (kc.ca) were estimated. The thickness of the cornea and the anterior chamber volume were also measured, and the aqueous flow rate and the corneal endothelial permeability were calculated in individual eyes. The examinations performed 4-18 months after operation showed that the aqueous flow rate in the operated eye fell to 85 (SD 12)% of that in the fellow control eye (p<0.005). In the operated eye the anterior chamber volume also fell significantly, and the corneal endothelial permeability may have decreased. Ocular hypotension after the detachment surgery with encirclement was attributable to a decrease in the aqueous flow rate.
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It is well documented that rhegmatogenous retinal detachment is usually associated with low intraocular pressure (IOP),' for which two mechanisms have been suggested: (1) reduced formation of the aqueous humour2-5 and (2) fluid outflow through the retinal break and choroid." But it has also been reported that the IOP in an eye with rhegmatogenous retinal detachment remained lower than in the healthy fellow eye after the retina was reattached successfully.9"' The encircling procedure produced more pronounced and long-standing postoperative ocular hypotension.9 "" Furthermore, Friedman and Neumann reported that in 11 out of 12 eyes with primary open-angle glaucoma after the rhegmatogenous retinal detachment was successfully operated the IOP decreased for 1 to 5-5 years without any antiglaucoma treatment, while it was still necessary to control the IOP in all 12 fellow eyes." Similar findings have been reported by several authors, and they are compatible with the above observation. '2-'4 The mechanism of the low IOP in the successfully treated eye with retinal detachment has not been fully studied yet. To the best of our knowledge only a Correspondence to Dr Makoto Araie, Department of Ophthalmology, University of Tokyo School of Medicine, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113, Japan study using tomography has been reported, which suggested it should be attributed to reduced aqueous humour formation." However, as the ocular rigidity was altered after the retinal detachment surgery, especially after operations with an encircling procedure," "''s"" the apparent aqueous flow rate estimated from the apparent facility of outflow, without a correction for the effect of ocular rigidity, would need cautious interpretation. In the present report, the aqueous humour dynamics in successfully treated cases of unilateral, non-traumatic, rhegmatogenous retinal detachment were studied by fluorometry, which is now believed to give the truest information on the aqueous flow rate in the living eye. '' 17 Materials and methods
SUBJECTS
Nine patients with unilateral, non-traumatic, rhegmatogenous retinal detachment aged 21 to 65 years were included in this study (Table 1) . They were operated upon in the University of Tokyo Branch Hospital from February to December 1982 by one of the authors (KM) with a combination of equator parallel scleral buckling using a silicone strip 510 
METHOD OF DATA ANALYSIS
As the method of calculating the aqueous flow rate from the change in concentration of fluorescein in the anterior chamber was described in detail previously,'9 only a brief outline will be given. According to the two-compartment model of Jones and Maurice,'7 the concentration change in the anterior chamber after a single dose to the cornea can be written as follows: '7 22 Ca=(MoNa) (kc.ca/(B-A)) (exp(-At)-exp(-Bt)). . (1) where A is equal to {(ka.aC+kc.ca+k,))-V(ka.ac+kc.ca +k,,)-4kc.CIk}I/2, and B is equal to {(ka,.,c+kc.c+k()+ V\(ka.aC+kc.ca+kk))-4kc.c k,,}/2, and ka.ac is equal to (Vcrca/Va) kc.ca. The symbols used here are: Ca, the mean concentration in the anterior chamber; Mo, the amount in the cornea at time 0; ka~ac, the aqueous-cornea transfer coefficient in reference to the anterior chamber volume; kc.ca, the cornea-aqueous transfer coefficient in reference to the corneal volume; k), the loss rate from the anterior chamber; Vc, the volume of the cornea; Va, the volume of the anterior chamber; rca, the corneaaqueous distribution ratio.2 The values of kc.ca and k, were estimated from the obtained data series of the fluorescein concentration in the anterior chamber, Ca, by means of Marquardt's method of least squares fitting applied to equation 1 using a M-280H computer (Hitachi Electric Co., Tokyo).'92 In carrying out the calculation the measured volume left-right ratios for the aqueous flow rate and the P,,, of the anterior chamber was used as Va, Vc was obtained in normal Japanese -0*99 (SD 0.05) for assumed to be 70 p1,24 and rca was assumed to be each (n =11)"-the ratio of operated eye to fellow eye 17*7.' for aqueous flow rate was significantly lower than the left-right ratio obtained in normal persons (unpaired Results t test, p<0O005), but that for P,,, was not significantly different from the left-right ratio obtained in normal The results of the measurements are summarised in persons (p>005). The anterior segment of the eye Table 2 and the results of the calculations in Table 3 . appeared to be normal on slit-lamp microscopic The aqueous flow rate was calculated by koXVa,17 examination. and the corneal endothelial permeability coefficient (Pac) was calculated by keca X rca x 0-9 x CT.2" Discussion No significant difference was seen between both eyes in the IOP and CT (paired t test, p>O.1). On the METHOD other hand the aqueous flow rate (p<0.005), Va and
The present method of calculation needs the value the depth of the anterior chamber (p<001) were of rca, which was assumed to be 1-7 according to significantly lower in the operated eyes. The ratio of the result obtained after systemic administration of operated eye to fellow eye averaged 0*85 (SD 0-12) fluorescein." However, recent studies showed that for the aqueous flow rate and 0-91 (SD 0-10) for Pc systemically administered fluorescein is rapidly (n=9). When these ratios were compared with the metabolised to fluorescein glucuronide, and most of The value of k() is expressed by the sum of the values of the transfer coefficient by flow (kfa) and by diffusion (kd.a).'722 As kfa, accounts for more than 90% of kI, 172 the aqueous flow rate, kfa X Va, was approximated by k,, X Va in the present study. A decrease in the k,0 found in the operated eye may be interpreted as being due to a decrease in the kd.p,, rather than a decrease in the kfi. However, it seems quite unlikely that the value of kd.p,,, an index of the blood-aqueous barrier permeability, was lower in the operated eye than in the fellow unoperated eye, though no fluorometric measurements after systemic fluorescein were carried out in the present study. An increase in the blood-aqueous barrier permeability, if any, would give a rise in the value of kI,, but not in reduction.
AQUEOUS FLOW RATE
The aqueous flow rate in the operated eye was decreased to 85% of that in the fellow eye and the reduction in the aqueous flow rate was thought to be responsible for the well documented postoperative ocular hypotension after retinal detachment surgery with an encircling procedure.9 "' The method used to measure the aqueous flow rate in this study estimates the rate of the aqueous humour movement through the anterior chamber, but does not estimate the rate of the aqueous humour formation into the posterior chamber. The lower aqueous flow rate observed in the present subjects may be explained by either one or both of the following two mechanisms: (1) reduction in the net aqueous humour formation or (2) increase in posteriorly directed outflow of the aqueous humour.
It is well documented that the scleral buckling procedures, especially that with encirclement, are followed by shallowing of the anterior chamber in the early postoperative period. This shallowing is probably attributable to the change in the ciliary body and zonule due to the compromised blood drainage from the ciliary body caused by the scleral buckle.'"' The blood leaving the ciliary body is mainly drained into the vortex veins, and, in the monkey eye, if three or four vortex veins are injured, the ciliary body became markedly congested.32 In the rabbit eye an encircling procedure reduced the ciliary blood flow, probably owing to compromised venous drainage.-' A postoperative change in the flow characteristics of the blood was reported in the eye which underwent an encircling procedure. "' Under these conditions it seems likely that the function of the ciliary epithelium is also affected, resulting in the reduction of the aqueous humour formation. In the present subjects the anterior chamber depth was 16% shallower in the operated eye than in the fellow eye. This fact suggests that the ciliary body in the operated eye of the present subjects was still not in a normal physiological condition, having not fully recovered from the postoperative changes. This favours the explanation that the reduced aqueous humour formation was mainly responsible for the reduced aqueous flow rate observed.
On the other hand there is increasing evidence that, in the eye with rhegmatogenous retinal detachment, a fluid flow exists from the posterior chamber through the vitreous cavity and retinal breaks and across the retinal pigment epithelium. I"-But at the present stage of investigation no information is available on the question whether it still exists after the retina is reattached surgically. The intact retina is a barrier to the movement of water across it.' The retina undergoes structural changes when it is detached, but it restores normal morphology and also probably its resistance against the movement of water, after the detachment is surgically repositioned."" The retinal break on the other hand is thought to remain as a defect in the retina even after surgical reattachment.
Furthermore, the diffusion of peroxidase was greater across the photocoagulated scarred retina than across the normal retina. Thus it is possible that the fluid outflow from the posterior chamber through the scarred retinal break and choroid exists also after the retina is reattached. If this is the case, the postoperative decrease in the aqueous flow through the anterior chamber and the resultant ocular hypotension are likely to be of long duration, because a window in the barrier against water movement would remain almost as permanently -as the scarred retinal breaks, and the encirclement itself should have little influence on the postoperative TOP.
However, it is known that ocular hypotension after retinal detachment surgery gradually decreases and that encirclement produces more pronounced and long-standing postoperative IOP change.9"" These facts suggest that this postoperative IOP change is associated with some non-physiological changes in the eye caused by surgery which gradually disappear postoperatively. Since the postoperative change in the anterior chamber depth also improves gradually,-`' it seems likely that the postoperative ocular hypotension is related to the postoperative congestion and swelling of the ciliary body, and resultant reduced formation of aqueous humour, rather than the fluid outflow through the scarred retina.
CORNEAL ENDOTHELIAL PERMEABILITY
The corneal endothelial permeability coefficient, P,,,, to fluorescein is a quantitative index of the barrier function of the corneal endothelium.2" The value of Pac appeared to be lower in the operated eye than in the fellow eye of the present subjects. However, no significant difference was seen between the ratio of operated eye to fellow eye and the left-right ratio found in normal persons. Consequently it is difficult to draw a conclusion on the Pac difference observed here, because of the variability of Pac measured by this technique used at present and also the variability of Pac between the right and left eyes of normal persons. The value of Pac in the normal persons as measured by this method' was significantly smaller than the values obtained both in the operated and the fellow eyes of the present subjects (unpaired t test, p<O0O5). It has been reported that the fellow eye in cases of unilateral rhegmatogenous retinal detachment had a decreased IOP and abnormal tonographic findings, suggesting some underlying pathology in these eyes.54243 Although the difference in the Pac found here was not highly significant, it may suggest that the corneal endothelium is functionally not completely normal in patients with non-traumatic rhegmatogenous retinal detachment. 
